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SnSs he overal. centnfuga. apparatus and instrumentation coop.ratmg w,* he 
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cnL SEP^TIOS SVSXBM ,0 R B^OCXC^ FLUXDS LIKE 3,000 



FIELD OF THE INVENTION 

■ n rebates to the automated on line 

This invention relates t ke blood 

coll ection an, separation oj ^ sp&cific ^ y to 

into its ^-components and ^ ^ extracts 

a functionally ^osed cen.r f atl ^ ^ ^ 

sub-components according to the ^ ^ 

as platelets, plasma or red cells n _ 
th e methods for carrying out such se P 



10 



15 



BACKGROUND OF THE INVENTION 



20 



25 



30 



35 



• it,, nf red blood 
wnole blood consists """"^ of r ^ 

CU, -hi" "oo- =.!». , WVapeutic usage 

components are required for ^ a donatio n is 

a „d therefore "^/^Jct them. This is done 

generally proce ssed in order ^ collec ting whole 

in two steps. A first step containing an 

bl ood fro. a donor into • P»« r ' lo J donat ion lasts 

anticoagulant """/"^.J* £ixe d volume generally of 
between 5-10 mm., to collec excludes a 

«° ml ° f Kh ° OI ^ donor Population due to ris.s of 
certain range of the J>° J bank practices limit 
hypovolemia, « " a ncla „ tal blo od volume of a donor^ 
collection to 15% of tne donor is released 

once tne collection is <=°<"P le "^ . It consists in 

ana th . second step car , be in throu g h a 

separating the blood into its = ^ ^ bag for 

batch process. This is done by spi 9 re£tig erated 
. period of about 10 «-" e «on«i'u.nt.! erythrocytes, 
centrifuge. pl ..L having segmented and 

platelets and white cells, P sed seque ntially by 

^fSS^^V^ satellite bags attached to 
the primary bag. 

^S." "le P-... remains laborious and 
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requires me separa: ::r, to z c c u r w it. hi r. a certain c i me 
frame :: guarantee c he quality the blood components . 

This complicates the logistics, especially considering 
that most bleed dc nations are performed i n de centralized 
5 locations where no batch processing capabilities exist. 

This method has been practiced since the widespread 
use of the disposable plastic bags for collecting blood in 
the 19" ? 0 ! s and has not evolved significantly since then. 
Some attempts have been made to apply haemaphe r es i s 

10 technology in whole blood donation. This technique 
consists of drawing and extracting on line one or more 
blood components while a donation is performed, and 
returning the remaining constituents to the donor. 
However, the complexity and costs of haemapher es i s systems 

15 preclude their use by transfusion centers for routine 
whole blood collection. 

There have been various proposals for portable, 
disposable, centrifugal apparatus usually with collapsible 
bags, for example as in US Patents Nos 3,737,096, or 
20 4,303,193, or with a rigid wailed bowl as in US Patent No 
4 889,524. These devices all have a minimum fixed holding 
volume which requires a minimum volume usually of about 
25C ml to be processed before any components can be 
collected . 

25 There remains a widespread need for a system that, 

during blood collection, will automatically separate tne 
different components of whole blood that are 
di f f erent lable in density and size, with a simple, low- 
cost, disposable unit. 

30 DISCLGSUF.E OF THE INVENTION 

As set out in the claims, the invention therefore 
proposes an improved portable and disposable centrifugal 
apparatus whose processing chamber is of variable volume. 
It can therefore process a variable quantity of biological 
35 fluid, even down to very small quantities. In some 
embodiments, this variation of volume can be achieved with 
a piston which acts as a pump, providing a unique 
combination of a processing chamber with integrated pump. 
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Th e invention also conc !r ns the """^^ 
apparatus and instrumentation =J»t« with ih. 
pressing chafer of variab e volume a wen . > ^ 

-i:-z £ T:i on o ; . 

in very small quantities, opening up new perspect 
in very sma x proce ssing applications. Its 

ther T n U es\ C r"a b ili ty ma*e it ideal for mobile 
compactness ana my f system are easy 

-, • Thp main components or tne sy^ci 

TI :L acture from inexpensive and environmentally 
^endly materials, and are fully disposable. No Known 
device meets these requirements. 



The system described here allows the transfer of a 
■ , ,1 fluid like blood, in a functionally closed 
bl ological fluid 11* separation into sub- 

processing chamber, and its P te bloo d 

constituents and extraction into 

containers. The heart of the system is a cent g 

, processing chamber which ^ ct "- £ 1 e ^ ly a th ^ugh a 

Thc v niume is variable, preieiawi) 
syringe. Its volume nrpssure throuah 

V\^i arfnarpd bv vacuum or presbuic uu 

PlSt ° n t Tcc«« . TZ r». » £ the processing chamber, 
a port located at t system combining a 

This proves an - ^ od J ing any processing 
- centr.fugatxon =>»«»*• ^ stre ssing effect 

"rracuon of its components into or out 
or e* trac - lon It is h0 wever possible to use 

iO processing chamber. i 

peristaltic pumps, as explained below. 

mother aspect of the --tion J^s a d^po.^e set 

for coll ecting an d ^ a S ^^f ugll processing 

v b ^r: d^* "inL/outlet is connected to a 
35 chamber as aesci^cu , f collecting 

mean s, such as P»l.»oto»y n die such 
bl ological fluid and » / s components 

a oI thrrio^cal 'Aui- Th. instrumentation associated 
40 with such a disposable set is lightweight and compact. It 
is easily portable. 
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The processing cn amber thus is aavar,:agecus:y 
ccr.riec:ea, as part c f a disposable set including 
disposable bags and tubing lines, by means of a 
functionally closed rotating seai. The whc.e set is 
5 discarded after use, to avoid tne likelihood of 
transmission of infectious agents. 

Tne centrifugal processing cnamber has a variable 
volume comprised between a minimum (e.g. 0 ml) up to a 
maximum which corresponds to the total volume of the 

1C chamber (e.g. 5 0 0 ml). The system thus allows the 
separation of a minimal quantity of biological fluids 
starting from 1C ml upwards. As the maximum quantity that 
one can transfer into the processing chamber corresponds 
to the total volume of the chamber, this provides a self- 

15 built safety against risks of exceeding normal 
extracorporeal volumes . 

The variation of the centrifuge chamber volume is 
usually performed by a piston that can move freely in the 
rotor of the processing chamber. The piston movement is 

20 advantageously achieved by the injection of a vacuum or 
air under pressure through a central port located on the 
bottom of the processing chamber. Such air pert can be 
protected by a bacterial filter and is in tight 
communication with a centrifuge chuck assembly driving the 

25 processing chamber. 

The processing chamber can have only one fluid 
communication port which is used both for the biological 
fluid transfer and the extraction of the components. 
Multi-port communication is also possible to provide for 
30 separate removal of different components. 

The transfer of biological fluid into the processing 
chamber or the extraction of the sub-components does not 
require any external pump and can be accomplished by the 
downward and upward movement of a piston into the chamber. 
35 Moreover, the volume of the biological fluid processed and 
volumes of the sub-components extracted can be exactly 
metered by monitoring the position of the piston into the 
chamber, like a graduated syringe. 
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The centrifugal processing chamber is se 1 f-balancec 
and therefore can be driven by a compact and lightweight 

assembly . 

The centrifugal processing chamber advantageously 
, _„„ P n,pnf i-he Diston without 

5 has an air pathway anowmg mwveme... _ _n 

any physical contact of the piston with the centr^uge 
driving mechanism. 

The above-mentioned disposable set is associated 
wi , h instrumentation which allows processing anc 
10 separation to take place. The instrumentation is 
incorporated in a lightweight and portable unit including 
a Centrifuge spinning the processing chamber and valves 
for directing the components to their appropriate 
collection container. It is equipped with a sensor system 
■ * nxrinn is sent to a central microprocessor 
15 whose information is senu 

unit, allowing full automation of the process. 

The description relates principally to the 
processing and separation of whole blood but the described 
separation technology can apply to other types of 
20 applications like haemaphe resis , blood aut ot rans f us ion , 
blood ce"ll washing, or special biological cells isolation 
like stem cells or islets of Langerhans . 

in the case of whole blood donation, this new cell 
separation system offers significant advantages wmch 
25 include : 

. immediate separation of blood components is obtained 
during the collection. This suppresses the bate., 
processing of blood units and facilitates the 
logistics of components preparation. 

30 • Component quality is improved, as immediate separation 
provides higher cell and protein recovery of nlood 
'components. In particular, plasma fractionation 
efficiency can be significantly improved if freezing 
of the plasma can occur immediately after the 

35 donation. 

. The volume of the processing chamber is variable 
between 0 and the total volume of the chamber (e.g. 
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50" m.l ; . It car. adapt to any type cf dor. o r or patient 
by suppressing the risks cf r.ypcvc iemia . It opens up 
new perspectives in extracorporeal blood treatment for 
chiiaren, for instance. 

5 • No pumps are required, but can be used if wanted. 

Whole blood is drawn into the chamber through one 
downward movement of the internal piston and 
components are collected by moving the piston up 
again. 

10 • No risks exist of overbleedmg a donor as the maximum 
volume that can be processed is limited by the chamber 
volume (e.g. 500 ml) . 

Volumes of blood processed and components extracted 
can be accurately measured by monitoring the piston 
15 position. No external scale is required. 

Flexible component collection is possible by choosing 
one or more components and returning the other 
constituents to the donor. 

The technology is based on conventional medical grade 
20 material and manufacturing techniques, which results 

in a very cost-effective system. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention will be further described by way of 
example with reference to the accompanying drawings in 
25 which : 

- Fig. 1 is a schematic side elevation and cross- 
sectional view cf a processing chamber according to the 
invention installed in a centrifugal assembly. 

- Fig. 2 is a detailed cross-sectional view of the 
30 centrifugal processing chamber illustrating the various 

sedimentation layers of blood components. 

- Fig. 3 illustrates in a schematic form the 
disposable set used for the processing and separation of 
blood . 
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Fi 4 1 t o 4.6 are functional diagrams showing 

the varxous' steps of whole blood separation using a 
disposable set including a processing chamber according to 
the invention . 

_ Fig 5 is a perspective view of a cabinet 
5 containing instrumentation for controlling the processing. 

Fig. 6 is a schematic side elevation and cross- 
sectional view of a centrifugal assembly. 

_ Fig 7 schematically shows an arrangement for 
10 controlling pressure in the processing chamber when it is 
installed in the centrifuge assembly. 

_ Fiq 8 is a schematic side elevation and cross- 
sectional view of the upper part of a dual port processing 
chamber . 

- Fiq 9 is a schematic side elevation and cross- 
sectional view of an extended distribution dis, allowing 
heavier matter to exit the processing chamber first. 

_ Fiq 10 illustrates in schematic form a system 
using peristaltic pumps as a means to introduce and 
extract biological fluids into and out of the processing 
chamber . 

F < g 11 illustrates in schematic form a system for 
intra-operative blood autotransf usion based on the 
processing chamber with variable volume. 

, 5 DETAILED DESCRIPTION OF THE SYSTEM 

^..^^-jpq Chamber 

The processing chamber 13 in accordance with the 
embodiment of the invention shown in F igs . 1 and 2 
comprises a rotor 4 having a cylindrical shape, xr * 
30 piston 5 can move upwards or downwards. A variable 
separation space 12 is defined between the upper end of 
the rotor 4 and the piston 5. An ^^^^ ^ 
located through the upper axis of the rotor 4 It xs used 
both for the introduction of the biological fluid to 
35 separate and for the extraction of the separated 



20 
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ccnpcnent s out cf the chancer 13. The inlet / out let port 2 
is terminated inside the separation space 12 by a disk 2 
with passing holes 6 at its lower end. A rotating sea. 1 
is located at the other end of the inlet / outlet port 2 , 
allowing the connection cf tubing lines. Below the piston 
5, the cotter, cap 9 of rotor 4 has a ccnnur.icat ion pert " 
for air through a central aperture equipped with a 
bacterial filter 8. 

In this embodiment, the rotor 4 is made of a rigid 
injection molded plastic. A preferable material is 
polycarbonate or polypropylene which can withstand 
autoclave sterilization. The upper inlet/outlet port 2 is 
shown as a separate part fitted on the rotor 4, but it 
could be an integral part of it . The piston 5 is made of a 
generally cylindrical disk and is provided with peripheral 
grooves for 0- rings 10. The tightness of these 0-rings is 
chosen such that the piston 5 can be moved for example 
with vacuum/pressure values comprised in the range between 
-0 . 5 / + 2 bar . 

This pneumatic embodiment avoids any physical 
contact between the piston 5 and the associated 
instrumentation used to drive the processing chamber 13. 
The bacterial filter 8 ensures that no contamination can 
be introduced by the air injected to move the piston. Its 
mesh size is generally about 0.2 microns. It should be 
noted that the biological fluids never come in contact 
with the vacuum/pressure space 11 and the bacterial filter 
8 provides an additional level of system integrity. 

Centrifugation generally starts when the procedure 
is initiated, although it can begin at a later stage when 
the processing chamber 13 is partially or totally filled. 
Initially located in the upper part of rotor 4, the piston 
5 will move downward under the effect of the vacuum 
applied in the vacuum/pressure space 11 through the air 
communication port 7 . The vacuum can be provided through 
an external air pump, connected to the central axle of the 
centrifuge driving the processing chamber 13. 

The separation space 12 is variable and is comprised 
between a minimum volume and a maximum corresponding to 
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a Therefore, minimal quantities 
th . ,o!u„e of Ch. rocor ^ T*.r. ^ 

of biological fluids can be F > through the rotating 

upwards. The biolooicai f u^ Pas- n ^ 12 It5 

seal 1 and P-f ^es n effect of centrifuge 

transfer is further helpe V ^ ^ tK , tlo n 

pumping, where the increases with the 

exercices a pressure on P ™ 5 " ly the rotational 
centrifuge speed B S e ^ ^ no va 

speed "hen filling, only 5 down> centrifugal 

necessary to move the p ^ ^ 5 

separation occurs .the P ^ distut bance of the 

slowly down m ord « acco ,odates the donor vein 

sedimentation. Its p ln -i in e pressure measured in 

capability by reading the ir ' in£ot mation to 

5 tubing 8 , <Fig. - ^ATnt ^tes range between 50-100 
the control system. ?lllin ^ -elected according to a 

ml/min., typically. The speed » uhich act3 as a 

pressure reading taken b V fH» residence cime and 
ma nometer .Figs 3 .n^- ^ ^ heavier ce llular 

! ° :°art a :r 10 is concentrated at the outer radial region. 

h in Fig 2, the centrifuged biological 
As indicated in Fig^ ^ u hter matter 

fluid deposits in distinct layers 12 . 

moving to the inner region of the sep ^ 
25 taxing blood as an -^'intermediate layer 21 of 
cel ls 22 on ou J"*'," ly caUed buffy-coat. and 

platelets/white cells y 
plasma 20 inside. 

s reaches the bottom of the rotor 4 
when the piston 5 £ reache an addition al 

30 (or upon decision of th . nitiated at higher 

sedimentation perio acce ierate the component 

centrifugation speed ^ fce inverte d 

separation. The ^ ^ ° vacuum/p ressure space 11 

by applying a pressure into ^ & moves 

35 through the air communxcat.cn por^^ ^ interference 
slowly up agaxn with a P nts> Lighter matter 

with the sedimentation of ^ * upper inle t/outlet 
exits first and will pass th g ^ ^ 

port 2. Components o f -ncreasxng ^ ^ 

40 sequentially follow «e.v^ n ^ ^ ^ piston 5 
expressed ana en 
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reacr.es tr.e upper ena cf the r : : : : 4. : - should be n ::eo 
that c e n t r i f u g a 1 1 o r. car. oe stepped before the last 
component is extracted to facilitate its extraction. At 
that time another processing cycle can resume if desirea. 

5 The volume :: bic logical fluid introduced into tne 

processing chamber 13 or the volumes of the extractea 
components can be exactly measured by monitoring the 
position of the piston 5 during the process, like a 
graduated syringe . 

10 Application for Wholp Blood Separation 

Fig. 3 illustrates an application for whole blood 
separation. It will be understood however that this is 
only one example of application of the cell separator and 
method of the present invention, and other specific 
15 applications can be carried out utilizing the invention 
system . 

The disposable set used for this separation 
comprises a centrifugal processing chamber 13 (like the 
processing chamber of Figs. 1 and 2) connected to a set of 

2C tubing lines and bags. A schematically- indicated 
phlebotomy needle 82 is connected to a tubing line 93 
which connects the processing chamber 13 to a plasma bag 
85, a buffy-coat bag 84 and a red ceil bag 83. A portion 
of so-called pigtail tubing 94 terminated with a bacterial 

25 filter 95 is connected to the inlet tubing of the 
processing chamber 13 for pressure measurement (see also 
rig. 7) . 

Anticoagulant like CPD (Citrate-Phosphate-Dextrose) 
can be contained initially in the plasma bag 83, for 

30 transfer into the processing chamber 13 when the procedure 
is initiated. This is only one way the anticoagulant can 
be transferred. Alternatives would be to have the 
processing chamber 13 pre-filled with anticoagulant, or to 
have an additional bag containing only the anticoagulant. 

35 The red cell bag 83 may contain an additive solution to 
extend the shelf life of erythrocytes. 

An optional additional bag 92 contains a special 
substance for further transfer into the appropriate blood 



PCT/1B96/00771 

WO 97/15399 

- 11 - 

k in order to inactivate virus. Another 

component bags in order filtering on line 

4= t-Ho =;v<5tem consists in nue^ ^ 
possibility of the system filter 91 for 

Uonents for leutocyte, , ~1 «in, 

^ COl "^e°: ; Ch " h e° Tu" n, Une 93, as iUustrated in 

; , Th ese valves are located on the ^s^ume 

Fig. 3. ineie v Q serve to 

■ vw reference 102 on Fig. s> , anu 



step 



L5 ":i„; a" envir^n.ax friendly disposal -ter.ai. 
The separation of whole Mood - 

— Ti: :^r^r^4r«is«^ - «... 

Separation takes piac me frQm step 

4 _, t0 4- 6 . centrifugation can star, at ai y 
20 ! * 2 or 3. The separation steps are : 

Step 1 = anticoagulant pricing of the P«c«.l"9 * »»« 

P thP niston 5 downwards. Valve a? 

13 by moving trie pibuon ^ ^Tacma 
open and anticoagulant is pumped out of plasm, 
bag 35. This step can be a^de 
25 processing chamber is pre-filled 

anticoagulant solution. 

wh ole blood collection, by moving the piston 5 
downwards and opening valve 86. 
, • The Piston 5 reaches the bottom of the processing 
P ' charier 13, or when stopped by the operator or a_ 
a p^set value. Collection stops. The phlebotomy 
needle 82 can be disconnected. 

„ v taction of plasma, by moving the piston 5 
st ep 4 : Extraction F closed, plasma valve 

upwards. Donor valve 86 is closed, p 
35 8 9 is open. Plasma is collected into bag 85. 

o f f U .oat extraction, by moving slowly the 
^ 5 : B p iIto Y n 5 upwards. Plasma valve 89 is closed and 



Step 2 



30 
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Ouf fy-coa: valve 8S is open. Buf fy-coa: is 
collected into bag 84. 

Step 6 : Red ceil extraction, by moving the piston 5 
upwards. Cent r i f ugat i on is stopped, although it 
can be continued if differential separation of 
red cell collection is aesired. 3uf f y-coat valve 
88 is closed and red cell valve 8" is open. 
Packed red cells are collected into bag 53. 
Extraction of red ceils is completed when the 
piston reaches the top of the processing chamber 
13 . 

Centrifuge Asse mbly/ Inst runenr. j qh 

The centrifuge drive unit is illustrated in Fig. 1 
with the processing chamber fitted, in Fig. 6 without the 
processing chamber, and in Fig. 7 with the associated 
arrangement for controlling pressure. It should be noted 
that although shown vertically it can be operated in any 
posit ion . 

Referring to Fig. 1, a chuck 46 of generally 
cylindrical shape with a longitudinal hollow axle 43 
underneath is used to drive the centrifuge processina 
chamber 13. The chuck 46 has an O-ring 51 mounted in an 
aperture in its bottom. The O-ring 51 frictionally engages 
the lower outer portion of the air communication port 7 of 
the inserted processing chamber 13, providing fluid-tight 
communication with a vacuum/pressure port 36 through which 
vaccum or air under pressure is supplied from an external 
source (see Fig. 7) . A bearing assembly 35 ensures proper 
alignment of the chuck 46. Seam rings 47 are located on 
each side of the bearing assembly 35. Between the two 
bearings of bearing assembly 35, the axle 43 has a passing 
hole 44 that communicates with the vacuum/pressure port 
36, through a pneumatic path 45. 

The chuck 46 is housed within a stationary 
cylindrical housing 32, which is mounted on a support 
plate 33. The housing 32 carries a closing cover 31 on its 
top, along with an associated rotating seal holder 48. The 
cover 31 is composed of two symmetric planar and semi- 
circular half-discs, that can be moved apart and together 



• 
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so 
1 . 



the routing seal holder 48 can grip the rotating sea! 



=in i <? secured in the support 
A croximity sensor 50 is secureu 

P-e 33'an drSU res r ^ pl ^^^^^ 

5 :::::: r 0 ;\°:.r^ ~ « « ln th . 

passes op re flected back by the piston 5. 

bottom, and which is re ois ron displacement, 

Alternatively, for monitoring the piston disp 
infrared Doppler sensors, inductive or Ha.x effect 
10 could be used. 

The pressure/vacuum value in the space 11 is 

line /i irxy . Une pressure sensor 73. 

line 94 is also £ » k in t ; in a S ^ ontrol syst e, 74 

15 This information is fed back to sts 

controliing a co^ress ^ value3 Qf 
the power or compressui 
these pressure readings. 

Th e centrifuge is mounted in a cabinet (see . Fig. 5. 

fe et 41. An electrical motor 39 
20 ^ r'd in a housing " with a tachometer 42 fitted on 
Its lowe^ end Ts attached through a coupling 38 to the 
* till* 43 The rotation speed ranges between about 
--00 im depend ^e a .ication. ^ « 

" T nted p 0 ort a p rate 33 by -ft housing 34. The processing 
the support plate ^ 33 * df the whole centrifuge 

chamber 13 being sex light and 

assembly herein described can be made very lig 

compact . 

cin ^ the instrumentation is 
30 As illustrated m Fig. the 

h nf a cabinet 103 housing a centrifuge 100. It is 

iXelghl ^"compact which ^'J^"?™ 
useful for portable applications. The cabinet 
userux K centrifuge 100 

of a reinforced material like ABS _ 
35 drives the processing chamber 13 at speeds P 

, in , m <? corresponding to 86-90 or tig. J) 
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Sensors are pro v i ced Ti:r.:::r tine pressure msiue tine 

processing chamber 12 ar.o ?;s::r. chambers. An optical 
sensor 101 controls the appropriate collection of bi cod 
constituents like plasma, platelets or red ceils and 
■commutes the valves 102 according to the desired 
separation steps illustrated in rig. 4 - : no Fig. 6. An 
ultrasonic air detector 1C6 monitors the presence of air 
in the donor line. The cover 104 provides access to the 
operator-controlled instrumentation. When the cover 104 is 
open, it is inclined at a 20° angle for ease of viewing. 
The cover 104 has a panel 10? mounted on the inside with a 
display and control functions module 105 incorporated 
therein . 

VARIATIONS 

The previously-described system uses a single port 
for transferring fluids in and out of the processing 
chamber. Fig. 8 shows a dual port configuration allowing a 
continuous operation, where collection of the desired 
component can take place while the product to be separated 
is introduced into the processing chamber. As shown, an 
inlet pert 25 leads onto a distribution disk 27 located at 
the upper end of chamber 13, so that incoming biological 
fluid is directed, as indicated by the arrows, to the 
disk's periphery where the fluid is ejected with the 
maximum centrifugal force against the chamber wall. An 
outlet port 26 is located in extension of a central outlet 
tube 28 leading into the separation space through the 
center of the distribution disk 27. Consequently, the 
separated components exit centrally via this tube 28 and 
outlet port 26, also as indicated by arrows. 

In the case of this dual port configuration, 
continuous operation can be performed using one external 
pump like the peristaltic pump 110 (Fig. 10) for 
transferring the biological fluid into chamber 13 via port 
25 and distribution disk 27. The piston 5 moves in 
response to the volume of fluid introduced until the 
bottom of the chamber is reached, or until stopped at an 
intermediate position. Two methods can be chosen for 
extracting the components out of the chamber 13 via tube 
28 and port 26. The first consists in continuing filling 
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the chamber so the packed red cells will gradually push 
the other components out of the chamber 13. The other 
consists of stopping the peristaltic pump 110, moving the 
piston 5 up, and the collection of components will be done 
5 as illustrated in steps 4-4 to 4-6 of Fig. 4. A multiport 
system could also be used, where more than one component 
could be collected out of the chamber simultaneously. 

In the described example, the piston 5 is driven by 
vacuum/compressed air. It would equally be possible to 
10 drive the piston by mechanical, electromagnetic or 
hydraulic means, possibly under electronic control. In the 
case of hydraulic means, the piston 5 can be moved by 
sterile fluid that can be pumped in and out of the space 
11 of the processing chamber 13. 

15 An alternative would be to have the piston 5 

replaced by a flexible and collapsible membrane attached 
to the upper part of the rotor 4, which can be extended or 
retracted by application of a vacuum/pressure or by 
hydraulic action. 

20 In another variation, the rotor 4 of processing 

chamber 13 can be made of a flexible material like a soft 
bag which, during rotation, would be supported by the 
centrifuge chuck 46 so as to maintain a cylindrical shape. 

Another variation shown in Fig. 9 consists of having 
25 the distribution disk 3 of a diameter close to the 
internal diameter of rotor 4. When the separated 
components are expressed out of chamber 13, this would 
allow the higher density cells like red cells to be sorted 
first, which would be of interest in red cell 
30 autotransfusion for example. 

Another variation shown in Fig. 10 consists of 
transferring fluids in and out of the processing chamber 
13 by means of peristaltic pumps 110 and 111 acting on the 
tubing line 93, respectively to deliver blood into the 
35 processing chamber 13 and to remove the separated 
components from the processing chamber 13. In this case, 
the piston 5 does not act as a pump, but only as a means 
to vary the volume of the separation space 12. 
Consequently it is no longer necessary to use pneumatic 
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.T.e an s , or any other equivalent near, s , t: move the c is ten 

- • - s e of peristaltic pumps is recommended fcr 
carrying out haemapheres i s procedures, m particular using 
the dual port arrangement of Fio. 8. 

5 Another variation consists of having the upper part 

of the rotor 4, as well as the upper part of the piston 

- / z - a conical shape in order to allow a smoother fluid 
path out of the processing chancer. 

OTHER APPLICATIONS 

10 apparatus of the present invention is 

particularly suited fcr the separation and collection of 
blood components. As described above, a main application 
is in-line whole blood separation. Other applications 
include : 

15 i ) Hemapheresis 

It is possible to use the system in an haemapheresis 
mode where one or mere components are returned to the 
donor or patient. In this case, the instrumentation should 
incorporate the necessary components and modules to manage 
20 the reinfusion procedure. Proper anticoagulation shoula 
also be provided at the needle site, with proportional 
mixing to ensure that no clot formation will occur in the 
line . 



2 ) Autotrans fusion 

Blood autotransf usion, and more generally cell 
washing can also be performed with the present invention, 
as shown in Fig. 11. In the case of intraoperative 
autotransfusion, shed blood would be aspirated through a 
line 12C into an autotransfusion reservoir 121 containing 
a mesh or depth filter 128. The filtered blood could then 
be transferred into the processing chamber 13 by moving 
down the piston 5. Supernatant would be expressed out of 
the chamber 13 in a waste bag 124 and cent ri fugat ion would 
then be stopped. A washing solution contained in bag 125 
would be introduced into the processing chamber 13 and 
centrifugation would resume upon filling of the chamber. 
Supernatant would be expressed again in bag 124, and 
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another washing seep could resume at this stage. Washed 
red cells would then be recovered in bag 126 by moving up 
piston 5. Gravity reinfusion would then be initiated to 
the patient through line 127. 

5 The efficiency of this blood autot ransfusion system 

could be advantageously improved by using a dual port 
configuration chamber as shown in Fig. 8 and a peristaltic 
pump 110 as shown in Fig. 10. 

Post-operative blood autotransfusion would also be 
10 possible using the processing chamber 13 in a static mode 
where only the piston 5 would be moved for establishing 
the drainage vacuum. Upon filling the processing chamber 
13 or completion of the drainage period, centrif ugation of 
the processing chamber 13 would be started and shortly 
15 afterwards the piston 5 lifted in order to express the 
supernatant. Red cells could then be recovered or washed 
as described above for intraoperative autotransfusion. 

3) r^ll Iso lation 

in certain therapeutic applications it is desirable 
20 to concentrate specific types of cells such as stem cells, 
that are present either in the blood or in the bone 
marrow. In this latter case, the system will function in a 
batch process and the cells, contained in their 
physiological medium, would be introduced by moving the 
25 piston down. The targeted cells will be expressed out of 
the processing chamber 13 into the appropriate collection 
bag. The process is repeated until the initial product has 
been processed, at which time an ultimate cell 
purification process can be done by reintroducing the 
30 collected cells into the chamber for a final concentration 
and expressing them into the collection bag. 

4) Other Ph y s i oloai 1 T.iauids 

In addition to blood, the system can be used for the 
separation of other physiological fluids such as medium 
35 containing islets of Langerhans, or certain type of 
tumoral cells for further biotechnological manipulations. 
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Legena 

1 Rotat inc seal 

2 Upper inlet / out let pert 

3 Distribution disk 

4 Rotor 

5 Piston 

6 Passing holes 

Air communication port 

6 Bacterial filter 

9 Rotor bottom cap 

10 Piston 0-rings 

11 Vacuum/Pressure Space 

12 Separation Space 

13 Processing chamber 

20 Plasma 

21 Platelets/white ceils 

22 Packed red cells 

25 Inlet port 

26 Outlet port 

27 Spreader disk 

28 Inner outlet tube 

31 Closing cover 

32 Cylindrical housing 

33 Support plate 

34 Shaft housing 

35 Bearings 

36 Vacuum/pressure port 

37 Shaft support plate 

38 Coupling 

39 Electrical motor 

40 Motor housing 

41 Centrifuge support feet 

42 Motor tachometer 

43 Centrifuge hollow axis 

44 Centrifuge vacuum/pressure 
passing holes 

45 Vacuum/pressure path. 
4 6 Centrifuge chuck 

47 Seam rings 

48 Rotary seal holder 

4 9 Chuck bottom aperture 



50 Proximity sensor 

51 O-Ring chuck 

7 0 Compressor 

71 Pneumatic line 

72 Chamber pressure sensor 

73 In line pressure sensor 

74 System controller 

7 5 Compressor driver 

82 Phlebotomy needle 

83 Red ceil concentrate bag 

84 Buffy-coat bag 

85 Plasma bag 

8 6 Donor line valve 

8 n Red cell line valve 

88 Buffy-coat line valve 

8 9 Plasma line valve 

90 Spare valve 

91 Optional filter 

92 Optional bag 

93 Tube line 

94 Pressure pigtail tubing 

95 Bacterial filter 

100 Centrifuge 

101 Optical sensor 

102 Valves 

103 Housing 

104 Cover 

105 Display/control module 

106 Air detector 

107 Panel 

110 Peristaltic pump 

111 Peristaltic pump 

120 Suction line 

121 Autotransfusion reservoir 

124 Waste bag 

125 Wash solution 

126 Washed red cells 

127 Reinfusion line 

128 Filter 
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CLAIMS 

1 A centrifuge apparatus for processing biological 
, -h ^mo-rising a hollow centrifugal processing chamber 
r^X" -out an axis of rotation an* having an 
v , , bioloaical fluid zo 

ax ial J e ^ss'^ components of the fluid. 

i£ in 1 P-essing chafer ,13, contain, 
a movable member (5. which defines a separation space ,12, 
a mova receiving biological fluid, Che 

°U a r X (5) b.in -Le to intake a selected quantity of 
member (5) bexng proce ssed into the separation 

biological fluid to b P ^ ^ processed 

chamber (13) via saia separation 
biological fluid components (20,21,22) trom t 
chamber (12) via said outlet (2) . 

2 The apparatus of claim 1, wherein the 

15 J „Ii processing chamber (13) is generally 

centrxfugal Proce SS g ^ ^ ^ ^.^ 

cylxndncal and the mo centrifugal processing 

tightly movably mounted m the centr 

chamber (13) . 

3 The apparatus of claim 2, comprising means (70) 
20 ^rnally of the processing chamber (13) for 

10Cat the Piston (5), there being no physical contact 
moving the piston \=>i , 
between said means and the piston (5) 



4 The apparatus of claim 3, wherein said means 

4. me ,i a nnpnmatic or 

25 (70) acts on the piston (5) via a 



30 



35 



sterile pneumatic or 
hydraulic medium. 

5 The apparatus of claim 4, wherein the processing 
*, k , comprises an axial opening (7) equipped with 
a sterile f i Iter ( 8 ) adapted for^ conn- tion of 
the centrifugal processing chamber (13) to a source 
of the pneumatic or hydraulic medium. 

6 . The apparatus of claim 2, comprising means (50) 
for monitoring the position of < J° 

control the amount of mtaken biological flu 
expression of separated components (20,21,22). 

_ ~ rlaim 1, wherein the 

7 The apparatus of claim l, 

centrifugal processing chamber ,13, has a single 
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ir.iet/outlet opening (2) for coth the intake of the 
biological fluid to be separates and for the removal of 
separated components (20,21,22). 

8. The apparatus of claim 1, wherein the 
5 centrifugal processing chamber (12; has an inlet/outlet 
(2) comprising one port (25) for the intake of the 
biological fluid to be separated and at least one separate 
port (26) for the removal of separated components 
(20, 21,22) . 

10 9 - The apparatus of claim 6, wherein the inlet port 

(25) for biological fluid cooperates with a distribution 
disk (27) directing the incoming fluid to the periphery 
thereof where the fluid is exposed to the maximum 
cent ri f ugal force . 

15 10 - The apparatus of claim 1, further comprising a 

drive unit for the centrifugal processing chamber (13), 
said drive unit comprising a rotary chuck (46) for 
receiving the centrifugal processing chamber (13), the 
chuck (46) being rotatabiy mounted inside a stationary 
housing (32) and connected via a pneumatic or hydraulic 
path (45) to an external source (70) of pneumatic or 
hydraulic medium, the stationary housing (32) having a 
cover (31) with an aperture (48) receiving means (1) for 
rotatabiy mounting the iniet/outiet (2) of the centrifugal 
25 processing chamber (13) . 

11. A disposable set for collecting and separating 
selected quantities of biological fluids comprising the 
centrifugal processing chamber (13) of an apparatus 
according to any one of claims 1 to 10, wherein the 
30 inlet/outlet (2) of the centrifugal processing chamber 
(13) is connected to a means (82) for collecting 
biological fluid and to a plurality of containers 
(83,84,85,92) for receiving the separated components 
(20,21,22) of the biological fluid. 

35 12 - Th e disposable set according to claim 11, 

wherein the means (82) for collecting biological fluid is 
associated with a valve (86), and each of said containers 
(83,84,85,92) is associated with a valve (87,88,89,90). 



20 
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13. The disposable set according to claim 11, 

load- nnp filter (91) for on-line 
further comprising at least one r^icer 

filtering of separated components. 

14 A centrifuge apparatus for processing biological 
c using a disposable set as claimed in claim 12, 

wherein the apparatus further comprises means for 
selectively actuating the valve (86) and the valves 
(87 88 89,90) to control intake of biological fluid into 
r he ' centrifugal processing chamber (13) and delivery of 
10 the expressed separate components (20,21,22) of the 
biological fluid into respective containers (83,84,85,92). 

15 A method of processing biological fluids in an 
apparatus according to any one of claims 1 to 10, 
comprising intaking a selected variable ^tity ^ 

15 biological fluid into the separation space (12) with 
corresponding movement of the movable member (5), 
centrifuging the biological fluid in the separation space 
(12) during and/or after intaking the fluid, and moving 
the member (5) back to express the centrifuged fluid 

20 components via the outlet (2) . 

16 The method of claim 15, wherein the movable 
member is a piston (5), and wherein movement of the piston 
(5) is controlled by pneumatic or hydraulic means to 
select the volume of biological fluid intaken into the 

25 separation space and to selectively express the separated 
componentis (20,21,22) . 

17 The method of claim 16, wherein movement of the 
piston (5) to intake biological fluid is assisted by a 
centrifugal pumping effect produced by pressure exerted on 

30 the piston (5) by the the incoming biological fluid. 

18 The method of claim 16 or 17, comprising 
monitoring the position of the piston (5 ) to intake a 
selected variable quantity of biological fluid and to 
selectively express the separated components (20,21,22). 

35 19 The method of any one of claims 15 to 18, 

wherein 'the intaken fluid is drawn from a blood 
autotransfusion reservoir (121); supernatant and washed 
solution are expressed in a waste container (124); and red 
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cells are expressed in a collection container (126); all 
by moving the movable member (5) . 

20. Use of the apparatus of any one of claims 1 to 
10, or of the disposable set of any one of claims II tc 

5 14, for processing variable volumes of biological fluid 
from 10 mi up to the maximum volume of the separation 
chamber (12) . 

21. Use according to claim 20 for whole blood 
collection and separation. 

10 22. Use according tc claim 20 for shed blood washing 

and recovery. 
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AMENDED CLAIMS 

[received bv the International Bureau on 12 Marcn 1997 (12.03.97): 
original claims 1-22 replaced by 
amended claims 1-24 (4 pages)] 

A centrifuge apparatus for processing 
bioioclcal fluids. comprising a hollow centrifugal 
processing o. -.ameer .13) rccacanii aoouc an axis ^cc 
r:ta;::r. and having an axial miec .-cutlet Z\ "ae 
biciccical fluid co be processed and for cr.e processed 

••iid. characterized :r. chac che 



components :: one c_uio, 
orocessino cnamber :12) contains 



— cvabi= xeituoer '-) 



which defir.es a se?ara:::r. space -~ 

receiving cioiccrica- — u*^., _..e ...e^.j-e- - ■=> 

cc intake a selected cuantity :: - : - :r::a - ----- ce 

crccessed -he separa:i:r. c hairier 13 ''^ saic miet 

■2) and :: express processed cicicgical fluid ccmpcnenis 

(20. 11. 22! from che separa:::n cnamoer ,12 via saic 
cutlet :2) . 



riamoer 13. is generally 



2. The apparatus :: :iaix 1. where::. the 
centrifugal processing 

cylindrical and the r.cvabie merruoer is a pis 
tightly novacly counted m the centnfuga. processing 
2 0 cnamber ( 13) . 

The apparatus :: ciair, 1. comprising 

_ - n prn a n-,- e i e c t r :raaaTi e 1 1 c means 

cneuma tic, nycrau- ^ewiia**-.. — ~ — 

'. 7C;i r - r zriV mc tne piston E : vnerecy tne piston acts as 
a pump . 

25 4 . The apparatus of claim I. wnereir. said means 

(70) for moving che piston (5) is located externally or 
one processing chamber !12). there being no pnysica^ 
contact between said means and tne piston =) ■ 

= . The apparatus of claim -1 , wherein said means 
30 (70) acts on the piston (5) via a sterile pneumatic or 
hydr aul i o medium . 

6. The apparatus of ciairr. 5, wnereir. tne processing 
cnamber (12) comprises an axial opening '"' equipped with 
I ste-ile filter ( = ) adapted for fluid- eigne connection o: 
3 5 tne centrifugal processing cnamber '12) to a source CO) 
of the pneumatic or hydraulic medium. 
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port (25 



"he apparatus of clairr, 1C, wherein the in] 
tcr Dio.ogical fluid exonerates w 1 1 h 



attribution disk (27) directing :he mccmmo fluid to the 
periphery thereof where -.he fluid 13 exposed — the 
maximum centrifugal force. 

11. The apparatus of claim 1 whereir. the axial 
inlet, outlet .:: comprises a rctatable seal 1. mount able 
-n a s tat 1 chary housing '22: 

12. The apparatus :: claim 1 or 11, further 
■comprising a drive unit fcr the centrifugal crocessina 
chamber 12 said drive unit comprising a rctary cr.ucr. 
(46) for receiving the centrifugal processing chamber 
(13). the chuck (45) being rotatably mounted inside a 
stationary housing (32) and connected via a pneumatic or 
hydraulic path (45) tc an external source ' 7 C ) of 
pneumatic :r hydraulic medium, the stationary ncusmg (32) 
having a cover ;31) with an aperture (48) receiving "means 
(i) fcr rocatabiy mounting the mlet / out let (2) of the 
centrifugal processing chamber (13). 

35 13 • A disposable set for collecting and separating 

selected quantities of biological fluids comprising the 
centrifugal processing chamber (12) of an apparatus 
according to any one of claims 1 to 12, wherein the 
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g chamber 



inlet/outlet (2) of the centrifugal processm 
(13) is connected to a means (82) for collecting 
biological fluid and to a plurality of containers 
,83,34,85,52; for receiving the separated components 
(20,21.22; of the biological fluid. 

14. The disposable set according to claim Ij, , 
wherein the means (82) for collecting biological fluid is 
associated with a valve (86), and each =f said containers 
(83,84,85,92) is associated with a valve ; 87 , 83 . 89 , 90 ) . 

15. The disposable set according to ciaim . 

_ !-«=>■- 'Oil -or on-line 

further comprising at xeas^ ^ne te_ - x , ---- 

filtering of separated components. 

16. centrifuge apparatus ror processing 
etiological fluids using a disposable set as claimed m 
olaim 14, wherein the apparatus further comprises means 
for selectively actuating the valve (86) and the valves 
(87,38,89,90) to control intake cf biological fluid into 
one' centrifugal processing chamber (13; and delivery of 
the expressed separate components ( 20 . ~ 1 . ) - tne 

20 biological fluid intc respective containers < 33 . 84 , 85 , 92 ) . 

17. A method of processing biological fluids it an 
apparatus according to any one of claims 1 to -2.^ 
comprising mtaking a selected variable quantity or 
biological fluid into the separation space '12: witn 

25 -orrespondinc movement of the movable member (5;, 
-entrifugmg the biological fluid m the separation space 
(12) during and/or after intaking the fluid, and moving 
the member (5) back to express the centrifuged fluid 
components via the outlet (2) . 

30 18. The method of claim 17. wherein the movable 

member is a piston (5), and wher . movement of the piston 
(5) is controlled by pneumatic, nydraulic, mechanical or 
electromagnetic means to select the volume cf biological 
fluid intaken into the separation space and to selectively 

35 express the separated components (20,21,22). 

19. The method of claim 18, wherein movement of 
the piston (5) to intake biological fluid is assisted by a 
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centrifugal pumping effect produced cy pressure exerted cn 
the piston , E; by the tne incoming biological fluid. 

2C. The method of claim IE :: 13 comprising 
monitoring tne position of the piston ; E ' to intake a 
selected variable quantity of ciclcgical fluid and to 
selectively express tne separated components 2 3,21,22) 

21. The method of any one :: claims 1" to 19 
wherein the intake:. fluid is drawn from a blood 
auto trans f us i on reservoir 121, ■ supernatant and wasned 
solution are expressed in a waste container 124. and red 
ceils are expressed m a collection container .126 all 
by moving tne movable merruoer '5; . 

22. Use of tne apparatus :: any one of claims 1 to 
12 , or of tne disposable set of any one of claims 12 to 
16, for processing variable volumes of biological fluid 
from 12 mi up to the maximum volume of the separation 
chamber { 12 ) . 

22. Use according to claim. 22 for whole blood 
collection and separation. 

24. Use according to claim. 22 for shed blood 
washing and recovery. 



BNSDOCID <WO. ?715399AT . 



AMENDED SHEET (ARTICLE 19) 



WO 97/15399 




L.40 

I 



T 

Fig. 1 



BNSDOCID: <WO__971 5399A1 _l > 




BNSDOOD -'<VO.. .9715399A1 



PCT/1B96/00771 

WO 97/15399 3/10 




Fi g, 3 



WO 9715399A1 I _> 



WO 9" 15399 



4/10 



• 



PCT IB96/0<r 7 "M 



13 



85 



82 86 



13— : 



m I ►« 



Anticoagualant priming 



Fig. 4-1 



Collection 



Fig. 4-2 



62 86 



s i- 



13 



! i 



82 86 

-* — 



13 




85 



End of collection 



Fig. 4-3 



Plasma extraction 



Fig. 4-4 



-* — J- 



■ 



13 



J«88> 



i-89 



i i 



84 85 



* — i 



.89 



83 84 85 



Buffv-coat extraction 



Red cell extraction 



Fig. 4-5 



Fig. 4-6 



BNSDOOD vV O .._ ? 7 * ^ 3 99 A 1 



WO 97/15399 5/10 



PCT/1B96/00771 




Fig. 5 



BNSDOCID: <WO 9715399A1 _l_> 




BNSDOCID <NO _ _971 5399A1 J 



PCT/IB96/00771 

WO 97/1539*) 7/10 




BNSDOCID: <WO ..__971 5399A1 \_> 



VVOO-15399 _ 8/1Q 




WO 97/15399 9/10 



PCT/1B96/00771 




BNSDOCID- <WO__9M5399A1 I > 




BNSDGOD .-.WO .._ 9 /V 5 399 A 1 l_> 



INTERNAT10l4| SEARCH REPORT 



Inu^^tfal Applicmoon No 

PCT/IB 96/00771 



I -,--■» n^n^oMTO^. 



both """I tlMnfmOon and IPC 



Ac cording to 

B. FIE1-DS S^HED ^ c , — non sy «em fo„owed by c^. oon .ymbom 



Minimum documentation i 
IPC 6 B04B 



Documenuaon searched 



mcluded in the acids searched 



U c data base consulted during the mi 



^^^^^ 



C DOCUMENTS CONS 



tDERED TO BE RELEVANT, 



Category 



Citation of document, with indication. 



when: appropriate, of the relevant passage, 



Relevant to claim No. 



EP o 654 669 A (BRISTOL-MYERS SQUIBB) 24 
May 1995 

see the whole document 

US 5 316 540 A (J.D.'m'cMANNIS) 31 May 1994 

see column 9, line 36 - column 12, line 59 
see figures 3,5 

WO 85 02560 A (BAXTEr'tRAVENOL LAB0RAT.) 
20 June 1985 _ line 14 

see SJI I] US 6- Sage 10, line 2 
see abstract; figures _ 
EP 0 027 476 A (WIMMER) 29 April 1981 

-/-- 



1,11,15. 

20 



1.11.15. 

20 



1,15,20 



Further document « MUd m *e oont.nu.uon of box C. 



l family member* are Itfted in annex. 



r Speaal categories of ated documents : 

state of th« art which is not 

O- o^nen, refemn, «, » o«l cUsdcure. «. or 
iStrthlntlK pnonty d*u cUimcd 



7 April 1997 



-T liter document pubh*ed ^^"^'^ 

,nvol« « .nvenove step when » ^ 

•V document of T 
cannot be <»na*red to invoke ^ tucn docu- 

document is combined with one cc^ more ^ 
menu, such combtn»oon beinj oovtous « w 
in the an 



^umcnt member o,^^^ 




D* of m»u.n« of *« .nun-— Kircn report 

09. 0^- 97 



"~ - — SJJT pit omce. P.B. F— » > 
Fax ( * 31-70) 340-3016 



Leitner, 



, PCT1SA.210 *«t) (July IW2) 



page 1 of 2 



pMQ.nnr.iD- <WO 



INTERN/^^NAJL SEARCH REPORT j 




L Application No 


W PCT/ IE 


i 96/0G771 


C.tConcnuauon) DOCUMENTS CONSIDERED TO BE RE LEVA ST 


Calegor, . C.uaon 01 document witfi indication. *hcre appropriate. A the relevant parages 




j Relevant to c:um So 



A ! US 3 104 225 A (CH. DI BENEDETTO) 17 

September 1963 



I 

! i 



2 



Form PCT ISA. 210 (conunuauor of tacord thmai) {Jaiy 

BNSDOCiD- -.;VO .... 9-H 5399A1 1 _> 



page 2 of 



2 



INTERN ATION 



A^l 



EARCH REPORT 



InunH Applicwoc No 

PCT/1B 96/00771 




EP 654669 A 



24-05-95 





member(s) 




AU 


7889794 


A 


BR 


9404484 


A 


CA 


2136148 A 


CN 


1108964 


A 


CZ 


9402806 


A 


Fl 


945401 


A 


HU 


70365 


A 


JP 


7185393 


A 


NO 


944422 


A 


NZ 


264859 


A 


NZ 


299081 


A 


PL 


305907 


A 


SK 


138394 


A 


US 


5603845 


A 


ZA 


9408564 


A 



25-05-95 
11-07-95 
20-05-95 

27- 09-95 
13-12-95 
20-05-95 
30-10-95 
25-07-95 
22-05-95 

28- 10-96 

28- 10-96 

29- 05-95 
07-06-95 
18-02-97 
02-05-95 













W0 8502560 


A 


20-06-85 


EP 0165290 A 
JP 61500653 T 


27-12-85 
10-04-86 


















NONE 





Fom. PCT ISA/JUMP*"" '"^V «n*«| (July !W 

: <WO __9715399A1 _l_> 



